Determining Product Complementarity By Analyzing Search Query Streams by Benavides, Luis et al.
Technical Disclosure Commons 
Defensive Publications Series 
March 2021 







See next page for additional authors 
Follow this and additional works at: https://www.tdcommons.org/dpubs_series 
Recommended Citation 
Benavides, Luis; Shur, Timothy; Sawant, Anshul; Gollapudi, Sreenivas; Parikh, Nishith; Gupta, Akshay; and 
Xu, Leon, "Determining Product Complementarity By Analyzing Search Query Streams", Technical 
Disclosure Commons, (March 18, 2021) 
https://www.tdcommons.org/dpubs_series/4153 
This work is licensed under a Creative Commons Attribution 4.0 License. 
This Article is brought to you for free and open access by Technical Disclosure Commons. It has been accepted for 
inclusion in Defensive Publications Series by an authorized administrator of Technical Disclosure Commons. 
Inventor(s) 
Luis Benavides, Timothy Shur, Anshul Sawant, Sreenivas Gollapudi, Nishith Parikh, Akshay Gupta, and 
Leon Xu 
This article is available at Technical Disclosure Commons: https://www.tdcommons.org/dpubs_series/4153 
Determining Product Complementarity By Analyzing Search Query Streams 
ABSTRACT 
Determining complementarity between products when viewing products online, e.g., via 
a shopping website or a search engine, is not straightforward. The information required to 
determine product complementarity is unstructured and/or spread across multiple sources. While 
co-purchase data can be used to infer complementarity, this requires large volumes of purchase 
data that is often unavailable. This disclosure describes techniques to identify relationships 
between products based on analysis of web search queries, subsequent clicks or other user 
actions, obtained with user permission. The techniques rely on the observation that query streams 
often include searches for related products, e.g., in the form of “A for B” queries (or queries in 
other forms) when searching for a product A compatible with a product B. Entity extraction is 
performed on such query streams and a machine learning model is utilized to identify likely 
complementary products. 
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BACKGROUND 
People often purchase products with a requirement that the purchased product be 
compatible with other products, or otherwise be complementary to a product they already 
possess. For example, a user buying wipers for her car needs to specifically ensure that the 
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wipers are compatible, a user buying printer cartridges needs to ensure that the cartridge works 
with her printer, a user buying a cleaning solution for their phone needs to ensure that it does not 
damage the phone, etc. Determining complementarity between products (which includes 
compatibility) is not straightforward since the required information is unstructured and/or spread 
across multiple sources.  
To help address this issue, product information and shopping applications can rely on 
purchase data to examine products that are purchased together and apply suitably trained 
machine learning models to analyze such co-purchases to infer complementarity between a given 
pair of products. The inferences can then be used to recommend complementary products to 
users in the form of recommendations that show the other products bought by those who bought 
a specific product. However, such an approach requires large volumes of purchase data that is 
often unavailable, especially to smaller vendors with low sales volumes for individual products.
DESCRIPTION 
This disclosure describes techniques to identify relationships between products based on 
analysis of web search queries, obtained with user permission. The techniques rely on the 
observation that users often search for related products in the form of “A for B” queries when 
searching for a product A compatible with or otherwise complementary to a product B. 
Moreover, users typically engage in query refinement, proceeding from the general to the 
specific based on interacting with results returned for each query. For example, a search for 
“wipers for car X” may return specific wiper brands/model numbers in the results. The user then 
performs a follow-up search for a particular brand and model number based on examining such 
results, and clicks through to view/purchase products that result from such searches. 
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With user permission, the search query stream and related user activity (e.g., subsequent 
queries, clicks or other user actions, etc.) can be used to identify product pairs that are 
complementary to each other based on corroboration across a large number of queries from a 
large sample of users by analyzing search query data. Analysis of such data includes performing 
entity extraction to infer products or product categories within the search queries and 
subsequently generating annotations indicating various pieces of information, such as attributes, 
brands, merchants, etc. The annotated entities and query streams can then be analyzed, e.g., 
using a machine learning model, to infer relationships, such as compatibility or other type of 
relationship of complementarity, between pairs of specific products and/or product categories.
Fig. 1: Identifying complementary products based on aggregated search query streams 
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Fig. 1 shows an example of operational implementation of automatically identifying 
complementary products based on aggregated search query streams, per techniques described in 
this disclosure. A service for determining product complementarity (110) (e.g., that can be 
included within a search engine, shopping website, or other online service) obtains search stream 
data (104) from users (102) with permission. The data is analyzed by a data processing module 
(106) as described above to extract entities, infer product relationships, and validate across a 
large set of queries. This is then used to train machine learning models (108) to determine 
complementarity between products and/or product categories.  
When a user searches for a product complementary with another product (e.g., wipers for 
a particular car model) via a shopping app (114) on a device (102), the products included in the 
user’s query are input to the trained machine learning model to obtain a list of complementary 
products (116) which is then shown to the user. 
The machine learning model is trained based on search query streams obtained with user 
permission. Given a pair of products as input, the output of the model can indicate whether the 
two products complement each other based on the measure of complementarity between them 
meeting a threshold. The threshold can be determined dynamically at runtime based on the 
products and other relevant context. The model can also determine product categories that are 
compatible. For example, batteries of type P may be compatible with wristwatches of type Q, 
brushes of type A may be compatible with vacuum cleaners of type B, and so on.  
With user permission to access query streams and other user data (e.g., subsequent 
clicks), product complementarity determination and provision of a list of complementary 
products can be incorporated within any application or platform for product information and 
shopping. The complementary product service can also be made available to various parties 
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using any standard mechanism such as an application programming interface (API). The 
information about product complementarity can be utilized in one or more suitable forms, such 
as to provide query suggestions, complementary-product recommendations, product accessory 
listings, etc. to users. Easy identification of complementary products can enhance the user 
experience (UX) and efficiency of finding complementary products. 
Further to the descriptions above, a user may be provided with controls allowing the user 
to make an election as to both if and when systems, programs or features described herein may 
enable collection of user information (e.g., information about a user’s search queries or a user’s 
preferences), and if the user is sent content or communications from a server. In addition, certain 
data may be treated in one or more ways before it is stored or used, so that personally identifiable 
information is removed. For example, a user’s identity may be treated so that no personally 
identifiable information can be determined for the user. Thus, the user may have control over 
what information is collected about the user, how that information is used, and what information 
is provided to the user. 
CONCLUSION 
This disclosure describes techniques to identify relationships between products based on 
analysis of web search queries, subsequent clicks or other user actions, obtained with user 
permission. The techniques rely on the observation that query streams often include searches for 
related products, e.g., in the form of “A for B” queries (or queries in other forms) when 
searching for a product A compatible with a product B. Entity extraction is performed on such 
query streams and a machine learning model is utilized to identify likely complementary 
products. 
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